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acids, which is usually carried out in the 
presence of an ester-interchange catalyst. 
30 When however these reactions are applied 
to the production of polyesters from di- 
phenols, as opposed to aliphatic glycols, 
and dicarboxylic acids, difficulties arise, 
probably owing- to relatively low re- 
35 activity, and it is difficult or impossible 
to t obtain polyesters having molecular 
weights sufficiently high for many pur- 
poses. Accordingly for the production of 
polyesters .of this type recourse has been 
40 bad to the reaction between the free 
diphenol and the dihalide, usually the 
dichloride, of the dicarboxylic acid, the 
reaction being earned out in the presence 
of a base, for example caustic soda, to 
45 combine with the hydrohalide acid set 
free. While this, reaction has the advan- 
tage that it enables polyesters of rela- 
tively high molecular weight to be pro- 
duced somewhat more easily then wlien 
50 using the free dicarboxylic jicids, never- 



can 
ively 75 
0 — ^icctniir weight. The im- 
provement obtainable by this device is 
very much greater than any improvement 
which can be obtained by the use of the 
same device applied to the reaction 80 
between aliphatic glycols and free dicar- 
boxylic acids. 

We may use any dipltenob and any di- 
carboxylic acids, for instance adipic acid, 
sebacic acid, oxalic acid, y-acetyl-y- 85 
methyl pimelic acid, y-keto pimelic acid, 
suberic acid and glutaric acid. However, 
we prefer to employ pairs of compounds 
one of which is a compound containing 
aryl nuclei linked in certain ways to the 90 
reactive groups of the molecule. Particu- 
larly important are compounds contain- 
ing a single benzene nucleus linked in the 
para position either directly or through 
carbon atoms to the reactive groups and 95 
compounds containing two benzene nuclei 
linked to each other directly or through 
other atoms or groups, e.g. — (CH a ) n — 
—CO—, —0—, — S— , — S0 3 — and 
—Nil—, and linked in the 4.4 1 positions 100 
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COMPLETE SPECIFICATION 
Improvements in the Production of Linear Polyesters 



We, James Gokoon Napier Drewitt, 
of the Works of British Celanese Limited, 
Spondon, near Derby, (formerly of 
Celanese House, 22/23, Hanover Square, 
5 London, W.l), and James Lincoln, of 
Celanese House, 22/23, Hanover Square, 
London, W.l, both British subjects, do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
10 be performed, to be particularly described 
and ascertained in and by the following 
statement : — 

This invention relates to the produc- 
tion of polymeric materials and in par- 
15 ticular with the production of linear 
polymers containing ester groups in the 
polymer chain. 

In the production of polyesters from 
cliphatic glycols and dicarboxylic acids, 
a smooth reaction takes place when the 
free glycols and the free carboxylic acids 
are used though in order to obtain high 
polymers it is usually necessary to heat 
for long periods under very low absolute 
pressures. The same applies to a reaction 
between the free glycols and methyl or 
other low alkyl esters of the dicarboxylic 
acids, which is usually carried out in the 
presence of an ester-interchange catalyst. 
When however these reactions are applied 
to the production of polyesters from di- 
phenols, as opposed to aliphatic glycols, 
and dicarboxylic acids, difficulties arise, 
probably owing to relatively low re- 
35 activity, and it is difficult or impossible 
to obtain polyesters having molecular 
weights sufficiently high for many pur- 
poses. Accordingly for the production of 
polyesters .of this tyjpe recourse has been 
had to the reaction between the free 
diphenol and the dihalide, usually the 
dichloride, of the dicarboxylic acid, the 
reaction being carried out in the presence 
of a base, for example caustic soda, to 
45 combine with the hydrohalide acid set 
" free. While this, reaction has the advan- 
tage that it enables polyesters of rela- 
tively high molecular weight to be pro- 
duced somewhat more easily then when 
50 using the free dicarboxylic acids, never- 
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theless it is still difficult to obtain really 
high molecular weights suitable for 
example for filament and film formation 
and moreover the reaction is not smooth, 
the reaction mass tends to become pasty 55 
due to the separation of the solid sodium 
chloride or like by-products and therefore 
is not homogeneous but, above all, there 
is a serious tendency to develop discolora- 
tion, the products frequently being yellow 60 
to reddish brown or other dark colour. 
This considerably restricts the applica- 
tions of the products which moreover 
have to be purified from the by-product. 

We have found that a much smoother 
reaction is possible and light coloured 
polyesters obtainable by condensing the 
free dicarboxylic acid with the diphenol, 
the latter either being used in the form 
of its diacetate or being used together 
with acetic anhydride. The diphenol 
may of course be readily converted to its 
diacetate by reaction with acetic an- 
hydride. Moreover the condensation can 
more readilv yield products of relatively 75 
high or high molecular weight. The im- 
provement obtainable by this device is 
verv much greater than any improvement 
which ran be obtained by the use of the 
same device applied to the reaction 
between aliphatic glycols and free dicar- 
boxylic acids. 

We may itee any diphenols and any di- 
carboxylic acids, for instance adipic acid, 
sebaeic acid, oxalic acid, y-acetyl-y- 85 
methyl pimelic acid, y-keto pimelic acid, 
suberic acid and glutaric acid. However, 
we prefer to employ pairs of compounds 
one of which is a compound containing 
aryl nuclei linked in certain, ways to the 
reactive groups of the molecule. Particu- 
larly important are compounds contain- 
ing a single benzene nucleus linked in the 
para position either directly or through 
carbon atoms to the reactive groups and 95 
compounds containing two benzene nuclei 
linked to each other directly or through 
other atoms or groups, e.g. — (CH,)* — • 
—CO—, —0—, —SO,— and 

— Nit — , and linked in the 4.4 1 positions 100 
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' directly or through carbon atoms to the 
reactive groups. When these compounds 
are of the types 



• CO x-r<^> b ~* 

5 wh«ro R and R l are direct linkages 
if X is the hydroxy group and are direct 
linkages or a linkage comprising one or 
more carbon atoms if X is the carboxy 
group; R 11 is a direct link or one 

10 or more carbon atoms and/or -hetero 
atoms. Generally it is found that better 
results are obtained where R, R 1 and 
R 11 are direct linkages or a chain contain- 
ing an even number of atoms. All these 

15 compounds give linear polymers having 
- higher melting points than polymers 
obtained from purely aliphatic reagents 
and also higher melting points than poly- 
mers obtained from corresponding re- 

20 agents containing benzene nuclei linked 
in different positions, e.g. in the ortho or 
meta position with a single benzene 
nucleus or in the 2.2 1 , 3.3 1 or 4.2 1 posi- 
tions with two benzene nuclei. Similarly, 

25 high melting polymers may be obtained 
from corresponding reagents containing 
a single naphthalene nucleus linked in 
the 1.4, 1.5, 2.6 or 2.7 positions but not 
from compounds linked in the 1.2 or 1.3 

30 positions. 

Generally it will be seen that the above 
compounds are bifunctional reagents in 
which the two functional groups are 
linked together through one or more 

35 aromatic nuclei and that the linkages to 
the aromatic nuclei are such that (taking 
the shortest path through the carbon 
atoms of the nucleus) there are at least 4 
nuclear carbon atoms in each aTomatic 
40 nucleus between the linkages. In this 
definition it will be noted that' a single 
benzene ring or a single naphthalene ring 
counts as one aromatic nucleus, while 
diphenyl 



dibenzyl 

<Z> c * 2 . c vO 



and diphenyl sulphone 



count as two aromatic nuclei. ^ 

Examples of such reagents are on the 
one hand hydroquinone, 2.0-dichlor- 
hydroquinone, 4.4 l -dihydroxydiphenyl, 
4.4 1 - dihydroxybenzophenone, 4.4 1 - di- ' 
hydroxydiphenyl sulphone, a-/?-bis-(4- && 
hydroxyphenoxy) -ethane , 4.4 l -dihydroxy- 
3.5.3 1 .* 1 or 2.5.2 1 .5 1 -tetramethyl di- 
phenyl, 4.4 A - dihydroxy-S.d^.oMetra- 
methyl - diphenyl methane, 4.4 1 - di- - 
hydi*oxyTstilbene, 3 .4-dihydroxy - naph- 60 
tnalene, 2 .3-dichlor-l , 4-dihydroxy-naph- 
thalene, 1.5-dihydroxy-naphthalene, 2.6- 
dihydroxy - naphthalene and 2.7 - di- 
hydroxy-naphthalene, and on the other 
hand 4.4 1 - dicarboxy-diphenyl, tere- . 
phthalic acid, 2.5-dichlor-terephthalic v 
acid, 2>6-dimethyl-terephthalic acid, 4.4|- 
dicarboxy-dibenzyl, 4.4 1 - dicarboxy-di- 
phenyl sulphone and 4.4 1 -dicarboxy-3.3 1 - 
dimethyl-diphenyl. 70 

Polyesters may be produced .using us 
each component, i.e. diphenol and the di- : 
carboxylic acid, .one of the special re- 
agents listed above, but generally this 
leads to polymers of rather too high melt- 75 
ing .point for ready working up, for 
example melt spinning, so that it is pre- 
ferred -to-, employ only one of the com- 
ponents having this particular structure. 

The condensations to produce the poly- 80 
mers of the present invention can be 
effected generally by heating the com- 
ponents at temperatures of 100 — 350° C, 
but of course below, decomposition tem- 
peratures, and preferably at 200— 280° C. 85 
~or_300°C. If desired, catalysts may be 
present, for example catalysts facilita- 
ting the elimination of water, such as p- 
toluene sulphonic acid or a trace of phos- 
phoric acid. It is of advantage to con- 90 
duct the reaction, at least in its later 
stages, in vacuo and' especially under an. 
extremely low absolute pressure. The 
condensations are preferably carried out 
in an atmosphere of an oxygen-free inert 95 
gas, for example hydrogen 'or nitrogen, a 
stream of which may be passed over or 
through the reaction mixture. 

The poly-condensations are best effected 
with the reagents and their products of 100 
reaction in the molten state or in solution 
in a suitable solvent medium, for example 
m-cresol or phenol, which is liquid at the 
reaction temperature.. 

The invention is particularly directed 105 
to the production of polymers which are 
of sufficiently high molecular weight to 
be capable of forming self-supporting 
films or filaments and- preferably of suffi- 
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ciently high molecular weight to give fila- 
ments which can he cold drawn Accord- 
ingly, the reagents should be used in such 
proportions that the complementary ie- 

6 nX groups are present in the reae ion 
nuxturi in substantially equivalent 
amounts and the reaction is continued 
untTthe desired high molecular weigh 
in achieved. In «ome cases this vmy tale 

10 many hours or even some days. By suD- 
Sally equivalent amounts, we mean 
amounts whioh are chemically equivalent 
" thin five per cent. The nearer the 
ratio is to 'chemical equivalence, .the 

16 hiriier mav be the molecular weight 

16 a &d and accordingly we prefer to use 
amounts that give chemical equivalence 
within less than two per cent., e.g. 1/- 

20 tH Potvesters can be prepared in accord- 

20 ance with the invention jjT.""^ » 
mixture of two or more diphenols with 
ne or more dicm-boxyl^ acids or a mix- 
ture of two or more dicarboxyhc acid* 

26 with one or more diphenols. 

a The following examples illustrate the 
invention but do not limit it in any 

way: — _ . 

Example 1. 
SO Hydroquinone was acetylated to the 
3 " diacetate by treatment with acetic an- 
hvdride using a small amount of sul- 
Sric acid as catalyst The product was 
poured into water, washed and dried. It 
,15 had a melting point of 123 U ana 
35 possibly contained a trace, of sulphuric 
acid, which could act as aeid-interohange 
catalyst in the subsequent polyestenfica- 

40 tl0 19.4 park of hydroquinone diacetate and 
14 6 parts of adipic acid (equal moles) 
were heated in a slow stream of oxygen- 
free nitrogen for two hours at Z4U— 
'>WC. and then the heating was con- 
4 = tinned at 230-235' C. at an absolute pres- 
sure of 0.5 mm. of mercury with a. slow 
stream of oxygen-free nitrogen bubbling 
througb the melt, After one hour under 
these conditions the V<*3™*$&^ 
50 constant melting point of 224-226 , O Jmt 
the reaction was continued until a polymer 
having filament-forming properties was 
produced. In pamUd ex^riments the 
time necessary varied witii the rate «I 
« nitrogen passage and with the absolute 
5 nr^ure. Analysis of the polymer showed 
C 64 92% II 5.55% as compared witli 
0 65!«% H 6.45% for 

jjo-^~yp. co-CcHg)^. co- J . 



A similar polymer was produced replac- 60 
in"- the hydroquinone by 1.4-dihydroxy- 
naphthalene in equivalent amounts. 

It is noted that in the above experi- 
ments and with those detailed in Example 
'» below it is particularly important tooo 
avoid the presence of oxygen to prevent 
undue development of colour. 

Example 2. 
33 parts of hydroquinone, 43.8 parts-of 
adipic acid (equal moles) and 66 parts of 
acetic anhydride were . refluxed for one 
hour with a still-base temperature of 
'>00T The reflux condenser was then 
removed and the beating continued for 
two hours at 220— 230° C, for a further 75 _ 
3 hours at the same temperature and an 
absolute pressure of 0.5 nuns, of mercury 
and finally for upwards of an hour at 
230— 240* C. under a pressure of 0.0001 
mm. The product, similar to that of 80 
Example 1. had a melting point of 234— 

^Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to i» 
be performed, we declare that what we 

claim is: — , , - « 

1 Process for the production of poly- 
esters which comprises heating a free > di- 
carboxylio acid with a diphenol together 90 
with acetic anhydride or with tne di- 
acetate of a diphenol. . 

2. Process according: to Uaim 1 hi 
which the phenolic groups in the diphenol * 
are linked to an aromatic nucleus by Unlc- yo 
ages separated by at least 4 nuclear - 
f-arlxm atoms. 

3. Process according to any of tne pre- 
ceding claims in which the reaction mis- 
ture contains phenolic and carhoxyUc 100 
groups in substantially equivalent quan- 
titles* 

4. Process according to any of the pre- 
ceding claims wherein the diphenol is 
hvdroquinone. m . 1U0 

'5 Process according to any of Claims 

2 to 4 in which the dicarboxyhc acid is a 
polymethylene dicarboxylic acid. m 

6. Process according to Claim 5 m 
which the acid is adipic acid. 

7 Process for the production of poly- 
esters substantially as hereinbefore 
described. 

S. Linear polyesters whenever pro- 
duced by any of the processes particularly 110 
described and ascertained or by tneir 
obvious chemical equivalents. 

9. Films or filaments made from the 
polymers claimed in Claim 8. 
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